This paper presents the results of an experimental study about the use of collaborative spatial decision support tools to aid environmental restoration management and decision making. Similar, but non-geographic tools were developed and successfully applied in the 1990s for the computerised support of group decision making aimed at solving business problems. Yet, there are significant differences between business applications and spatial applications including environmental management. These differences motivated the study of habitat restoration reported in this paper. The results demonstrate that maps-the most common representation structures of spatial data in geographic information systems-play only a limited support role. Development of new ways to visualise spatial information and novel integrations of maps with analytical tools including multiple criteria decision models may help develop more effective collaborative spatial decision support systems.
INTRODUCTION
A growing number of problems in environmental management, including the management of water resources, are being recognised as candidates for public-private collaborations. Examples include controversies such as landfill and hazardous waste facility siting (Popper 1981; Susskind & Cruikshank 1987; Schneider et al. 1998) , polluted urban land use (so-called brownfield) redevelopment projects (Davis & Margolis 1997; Bartsch & Collaton 1997) , and salmon habitat restoration plans (NOAA 1993; Brunell 1999) . Most of those public-private problems are called 'wicked' and 'ill-structured' (Rittel & Webber 1973) because they contain intangibles not easily quantified and modelled, structures only partially known or burdened by uncertainties, and potential solutions mired by competing interests, values and perspectives (Susskind & Cruikshank 1987) . The primary rationale for enhanced stakeholder participation in public-private environmental management is based on the democratic maxim that those affected by a decision should participate directly in the decision making process (Smith 1982; Parenteau 1988) .
The above perspectives indicate a broad-based need for methodology addressing the needs of group decision making in general and collaborative spatial decision making (CSDM) more specifically. A collaborative interaction is one whereby the participants in a group agree to work on the same task (or subtask) simultaneously or at least with a shared understanding of a situation in a near-simultaneous manner (Roschelle & Teasley 1995) .
Working in a collaborative manner, participants create synergy, and each comes away with a synergistic sense of how to undertake decision making.
Methodologies and tools encompassing collaborative spatial decision making come from many sources. They include Geographic Information System (GIS) technology, work on GIS extensions aimed at improving its decision support capabilities (Densham 1991) , work on group support systems (GSS) technology as well as theoretical and empirical studies of its use (Jessup & Valacich 1993) , work on capturing the dynamics of argumentation (Conklin & Begeman 1989) , and research on the human dimensions of groupware and computer networking (Oravec 1996) .
During the 1980s GIS was touted as a decision support system (Cowen 1988 ) and later, both in research and in practical applications, it became an important component of spatial decision support systems (Densham 1991) .
GIS, however, was not considered to be a decision support tool for groups in the sense of group support systems developed for business applications. Yet, the mapping and data visualisation capabilities of GIS combined with spatial analytical tools and decision models have potentially much to offer in terms of decision support for groups.
Because the development of commercial GSS software in the 1990s (e.g., Lotus Notes from IBM, Group System from GroupSystems Corp., and MeetingWorks from Enterprise Solutions) was preceded by the studies in the 1980s on group use of computer technology, one would presume that GIS systems offer similar potential for support of collaborative and participatory decision problem solving. During the 1990s, GIS (Godschalk et al. 1992; Faber et al. 1994 Faber et al. , 1995 Faber et al. , 1996 , their offspring spatial decision support systems (SDSS) (Armstrong 1993; Carver 1991; Densham 1991; Eastman et al. 1995; Heywood et al. 1995; Jankowski 1995; Reitsma 1996; Malczewski 1999; Thill 1999) , and spatial understanding (and decision) support systems (SUSS/SUDSS) (Couclelis & Monmonier 1995; Jankowski & Stasik 1997) were suggested as information technology aids to facilitate geographical problem understanding and decision making for groups, including groups embroiled in environmental conflict. Clearly, research concerning collaborative decision making for geographically oriented, public policy problems continue to gain momentum. Unfortunately, most of the CSDM research is about GIS development rather than about GIS use, without a strong theoretical link between the two. Little has been done until recently to study the use of GIS technology at a decision group level.
Even though the case can be made for transferability of research results from business problem-oriented experiments to collaborative spatial decision making, unlike a business decision problem such as the selection of a product marketing plan, spatial decision problems are unique in making location and associated spatial relationships an explicit part of a spatial decision situation. This gap between the understanding of the implications of using decision support software in nonspatial versus spatial group decision processes motivated an empirical study of habitat restoration reported in this paper.
To set the context for the presentation of study results the next section describes an experimental decision scenario. This is followed in the third section by the description of GIS-based collaborative decision support software used in the experiment. The results of the experiment are discussed in the fourth section. The conclusion offers a discussion of prospects for future development of collaborative spatial decision support systems.
HABITAT RESTORATION DECISION PROBLEM
This section provides an overview of the case study of habitat site selection along the Duwamish Waterway in Seattle. The case study, which is a collaborative spatial decision problem, served as a realistic context for a human-computer-human interaction experiment involving the use of GIS-based group decision support software.
Habitat restoration in the Duwamish Waterway-the experiment background
The Elliott Bay/Duwamish Restoration Program, and in particular a panel of decision makers, was charged with implementing a 1991 consent decree that described the need for restoration of wildlife and fish habitat in the Duwamish Waterway of Seattle, Washington, USA . 
Case study design
A GIS data set consisting of 20 potential habitat sites in the Duwamish Waterway was considered in this decision problem study (see Figure 1 and Table 1 ). Each site is described using 11 attributes (see Table 2 ). The panel members used these attributes (criteria), and weighted them according to a stakeholder perspective.
The study used 109 participants formed into 22 groups of 5 participants per group (one group had only four members). The choice of 5-person groups stems from Vogel's (1993) review of several experiments in group support systems research that showed mixed results with SITE 3: This site is located at the head of navigation on the Duwamish Waterway. Portions of the site are currently being restored by federal agencies and the Port of Seattle under the Coastal America Partnership. It is possible that the rest of the site may be restored by the Port at a later date. SITE 4: This parcel abuts the south end of the Seattle City Light substation, between the river and West Marginal Way South, and is in the vicinity of Turning Basin Number 3. This site may be benefited from adjacent Hamm Creek and offers an opportunity to daylight the lower portion of this stream. SITE 5: This parcel abuts the north end of the City Light substation, between the river and West Marginal Way South. Hamm Creek, the focus of restoration efforts by a local volunteer group, increases the potential habitat benefits this site affords. City Light North is the largest potential habitat development site identified and offers an opportunity for a combination of freshwater and tidal wetland restoration as well as stream and riparian corridor improvements for the lower reach of Hamm Creek. SITE 6: Habitat restoration activities in this side channel off the Duwamish River might include raising the elevation of dredged areas by placing material in the water. SITE 7: A narrow parcel adjacent to this warehouse development may offer the possibility for shoreline improvements at the top of the bank. SITE 8: Riprap (large rocks) and eroding shoreline at this small City of Seattle park could be replaced with an expanded beach area and the establishment of a fringing marsh. SITE 9: A street right-of-way adjacent to the Duwamish River in the South Park neighborhood, this site would benefit from debris removal and shoreline plantings. SITE 10: This side channel could offer opportunities for regrading adjacent upland as well as shoaling dredged subtidal areas. Habitat restoration here should not proceed until site contamination issues are addressed. SITE 11: Repairs and expansion of the First Avenue South bridge may afford opportunities for habitat improvement in adjacent shoreline areas. Slopes could be regraded and vegetation established in areas underneath or along the bridge and its approaches. SITE 12: A small cove' north of the Port of Seattle's T-115 properties might present opportunities for expansion and intertidal area improvements. SITE 13: The Port of Seattle has set aside the shoreline area of T-107 and adjacent Kellogg Island for habitat purposes. At T-107, opportunities exist for debris removal, minor regrading, and the establishment of a fringing marsh. SITE 14: The southern portion of Kellogg Island has been raised to an elevation of 30 feet and higher with dredged materials. Return of the island to its former intertidal elevation and re-establishment of original salt marsh conditions have long been considered by the Port and various resource agencies. Northern portions of the island have retained much habitat value and were not considered for enhancement during site evaluation. SITE 16: Portions of this site have been restored by the Port of Seattle. Additional excavation and shoreline enhancement activities remain possible at T-108. SITE 17: While creation of a tidal slough is planned for the northern portion of the Port of Seattle's T-105, additional enhancement and restoration could be pursued south of the Coastal America project work. Taken together, these projects have the potential to provide improved intertidal habitat along a relatively long portion of the Duwamish shoreline in the lower estuary. SITE 18: An opportunity exists for relatively small-scale habitat work in association with landscaping planned under the new bridge. SITE 19: Intertidal mounds' created in the waterway for mitigation and adjacent shoreline areas would benefit from habitat enhancement. SITE 20: If fill material in an area currently used for parking adjacent to the West Waterway were excavated, the site could be regraded to an intertidal elevation. SITE 21: Pier 27 contains a slip adjacent to the East Waterway, the majority of which is no longer used. Cut-and-fill activities here could significantly expand and improve intertidal habitat. SITE 24: This site, formerly the pump station for the old Georgetown steam plant, is still in public ownership. Fill material and retaining walls could be removed to increase intertidal area, and interpretive materials could be developed in conjunction with the old structure. SITE 26: Formerly the site of a large sawmill, this site is currently being considered for purchase by the Seattle Department of Parks and Recreation. Acquisition would include about 10 acres of submerged lands with important habitat value adjacent to Kellogg Island. Habitat restoration activities could be coordinated with development of a park at this site.
In recruiting the experiment participants noj special competence was sought, only an interest in the environmental decision task to be undertaken. Of the 109 participants, 104 finished the study. The average age of the participants was 28 years. The average education attainment was close to completion of an undergraduate degree, although there were several graduate students and participants from off-campus with an interest in GIS and habitat restoration.
A realistic decision task was adopted to structure and attended a two-hour CSDM software training session.
At the end of each session, groups were asked to fill out a session questionnaire which provided a means for the participants to self-assess group use of the tools, group interaction, and the level of satisfaction with the overall group selection.
Interaction coding systems (Nyerges et al. 1998) were used to perform data capture from videotapes on which the research team recorded the use of CSDM software as a process of group interaction. An interaction coding system is a set of key words that reliably summarises the character of a process from a thematic perspective. Addresses Injury: Extent to which possible site restoration activities will address injury to fish and wildlife (in percent).
Contamination: Distance to nearest contamination (in feet)
relative to the proposed restoration site. Cost: Cost of engineering, construction, and maintenance (dollars). Ecological suitability: Habitat suitability; extent to which the site can provide larger gains for the estuarine ecosystem as a whole (1 = least suitable, 5 = most suitable); if the location of the site in the system ensures that the habitat will be utilised, the site should receive a higher rating; habitat types and their location within the estuary should be determined based on principles of landscape ecology. Existing habitat: Proximity to other existing habitat (in feet); potential for target resources to utilise other habitats with connection to the potential restoration site. 
GIS-BASED GROUP DECISION SUPPORT SOFTWARE USED IN THE EXPERIMENT
This section describes the softwareGeoChoicePerspectives (2000)-used in the experiment.
The software was used as a technological structure in human-computer-human interaction decision process.
Required software capabilities
The functional capabilities of the model for spatial decision support include the visualisation of decision options and their attributes with the variety of user selected maps, multiple criteria evaluation tools, voting, and consensus building tools.
• • Multiple criteria evaluation tools. Properties of evaluation criteria can be set by valuation, standardisation, threshold, and cut-off values (a criterion valuation function lets the software distinguish among benefit, cost, and range criteria).
The criterion weights can be assigned using AHP-based pairwise comparison (Figure 4) , ranking, and rating techniques. Ranking of decision options can be generated using one of three aggregation functions (decision rules): weighted summation, ordinal ranks, and ideal point . The user can explore the 'robustness' of the ranking to changes in criterion weights by performing sensitivity analysis ( Figure 5 ).
• the decision problem by using the generic-voting feature.
• Consensus building tools. Consensus mapping can be used to communicate which options rank high and receive the most group support. The map 
RESULTS
Experimental findings were analysed in regard to the group use of maps and decision models, dynamics of group decision process, and task complexity.
In regards to map use, background thematic maps were used predominantly to visualise the locations of decision alternatives and also to evaluate trade-offs among the decision alternatives. It was surprising to see that special purpose maps (option ranks map- Figure When it came to evaluating task complexity, the findings are also unexpected. Task complexity, which varied from simple-requiring the evaluation of only eight sites using three evaluation criteria-to complex-requiring the evaluation of twenty sites with eleven criteria-was not associated with the level of inner-group conflict, a finding somewhat contrary to current literature. We expected simple tasks to exhibit low group conflict and complex tasks to be associated with higher conflict, which was not the case. Other factor differences such as a task with public-only display versus a task with public-private displays showed differences in conflict. However, whether the difference is due to the opportunity to voice opinion or due to conflict over what to display is not clear.
CONCLUSION
Many spatial decision problems of a participatory nature are likely to involve conflicting perspectives on facts and interests, as well as world views (Renn et al. 1995) .
Together these differences add to the complexity of trying to come to agreement. GIS-based group support software systems such as GeoChoicePerspectives (GCP) are not expected to 'generate' the consensus, but only help in the negotiation of shared understandings that lead to agreements. Many reports in the literature indicate that conflict is a necessity in complex, participatory decision making.
Conflict is necessary to sort through the differences in facts, interests, and world views (Renn et al. 1995) . Only after such conflict arises might there be a chance for integration of the differing aspects, promoting a shared understanding of differences, and perhaps subsequent agreement.
The description of the habitat restoration experiment described here focused on the use of maps and multiple criteria decision models as they related to the habitat decision task. The habitat decision task as described above consisted of only one major task-that of option evaluation-with a series of subtasks. The criteria were identified, and the basic set of options was provided. This masked the fact that multiple stakeholders were interviewed to gain an understanding of what was of concern.
It also masked the fact that a select few decision participants generated the initial set of options for site selection, itself a group process. To highlight a different approach, Renn et al. (1995) described an energy policy process that looked the same, consisting of three steps, but was very different because a different 'culture-focused' group was used for each phase of a participatory decision process: (1) values and criteria elicitation was undertaken by stakeholder groups, (2) option generation was performed by a group of experts, and (3) options evaluation was performed by a randomly selected group of the general public.
Each of those phases is likely to generate a different dynamics, and hence system requirement to help sort through the nature of disagreements. Providing technology to support each of the different phases, taking into consideration the different participant groups that might be involved, and documenting the results of each phase is a very important part of the transparency of the process.
Developing information technology that takes into consideration easy access to analytic results, and highlighting the commonality and differences in perspectives, requires further integration of collaboration technologies and GIS technologies. Such integration is the likely development direction of collaborative spatial decision support systems that may aid public environmental disputes including water resource management.
